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Abstract 
 
Residential Building Energy Consumption  
and  
Loss Reduction Methods 
 
By Edward J. Balthazar 
 
 
Home energy costs can be a large monthly expense for many people.  Reduction of 
home energy consumption has multiple benefits – personal cost reduction, 
increased comfort, and global stewardship.  The author embarked on a multi-year 
series of projects to reduce energy losses.  The projects include plugging air 
infiltration gaps, installing further insulation layers, and buying an energy efficient 
heat pump.  Data for natural gas and electricity use and local weather are 
presented, with heating as the major energy use.  A linear correlation between cold 
weather conditions and natural gas consumption, and a cyclical annual weather-
energy algorithm were both developed.  Conductive heat losses were calculated for 
each building surface.  With completion of several projects, the natural gas usage 
has been reduced significantly.  Total savings are $1700 for three years providing a 
net payback on the project investment of 4 years. 
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Nomenclature 
 
A = Area 
Amp = Amplitude 
C = discharge coefficient, nominally 0.65 
CDD = Cooling Degree Days 
cfm = cubic feet per minute 
Cp = specific heat 
d = diameter 
ft. = feet 
g = gravitational constant, 9.8 m/s2 
h = height of stack, meters 
HDD = Heating degree Days 
in. = inches 
kg = kilograms 
K = Kelvins 
Ks = vertical shift factor, joules x 109 
KWH = kilowatt hours 
MCF = thousand cubic feet 
Qb = heat flow, Btu per hour 
Qj = heat loss, Joules per month 
R = heat transfer resistance, hr-ft2 - oF per BTU 
R2 = correlation factor in linear regression, range 0.0 to 1.0 
Re = Reynolds number 
sec = seconds 
sq. ft. = square feet 
t = time in months 
T = temperature, oF 
Ti = average indoor temperature, K 
To = average outdoor temperature, K 
v = velocity m/s or ft/s 
w = volumetric flow, ft3 per time 
W = stack draft flow m/s 
oF = degrees Fahrenheit 
oC = degrees Celsius 
ΔP = pressure drop 
   ix
Θ = phase shift factor, dimensionless 
ρ = density 
μ = viscosity, centipoise 
ω = frequency, cycles per month 
 “ = inches 
$ = U. S. Dollars 
 
 
   1
Chapter One - Introduction 
Many folks struggle with balancing their monthly expenses against their income.  
For some, energy costs can exceed those for food and car; surpassed only by 
mortgage.   There is also little doubt that the price of energy will continue to rise for 
the foreseeable future.   This inexorable price rise combined with the non-
discretionary nature of home energy could ultimately lead to crises for many 
homeowners.  This thesis will report on the work this author has done to quantify 
home energy use, along with routine and advanced methods for energy reduction. 
Statement of Problem 
This program was initiated by the shock of discomfort and high energy bills for the 
first winter in the residence.  The author has a relatively modern house – built circa 
1980.  However, it also represents typical American construction in that it was 
carelessly put together, inadequately insulated and unsealed against air infiltration.   
Methods 
A multi-year series of projects are undertaken to improve the energy efficiency of 
the residence (Waterfield, 2006).  The timeline for this program starts with the 
house purchase in May 2004.  Extensive sealing and insulation began during the 
summer of 2005, continuing in stages to February 2008.  Routine steps such as 
sealing cracks, and adding attic insulation are included (Amann, 2007), but the 
undertaking went beyond the normal items to gain additional savings and comfort.  
All work is discussed in this report. 
The projects included in this report are tabulated chronologically, with material 
costs, labor hours and estimates of energy reduction included.  This author is an old 
farm boy, a self-proficient handy-man, and did all the installation work personally 
(Tiller, 1988).  Thus labor costs had to be estimated.  The basis chosen for this 
estimate is 2 times material cost. 
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Chapter Two - The Residence 
The home is a typical American two story block and frame construction. It was built 
around 1980.  The first floor of the house is concrete block; the second story is 
wood frame.  Two of the first floor walls are faced on the outside with 4x8 sheets of 
cedar siding.  The other two first floor block walls were merely finished with smooth 
concrete to give a stucco effect.  The second story walls are 2x4 frame with 
sheathing and the same exterior siding. The inside of the house is all drywall. 
On the east side of the house, there is a concrete chimney that is connected to two 
fireplaces - one in the downstairs living room and the other in the upstairs master 
bedroom.  This chimney projects outward from the wall of the house, and rises 
about four feet above the roof. Figure 1 shows the East wall before improvements; 
the chimney and first floor “stucco” are seen.  Figure 2 is the West wall of the house 
showing standard wood frame construction. 
 
Figure 1:   House East Wall 
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Figure 2:   House West Wall 
 
There are a dozen double hung wood frame windows.  These are double pane, but 
the windows themselves are of a cheaper brand.  There is a sliding glass patio door 
on the second floor.  There are three entry doors, all equipped with storm doors. 
Building heat is by gas fired forced air furnace, air conditioning is by heat pump 
connected to the same air blower.  This one unit supplied heat and cooling for the 
entire house.  Water is heated by natural gas. 
The rooms were all cold and very drafty during the first winter.  Much cold air could 
be felt entering around receptacles, light fixtures and the edges of the fireplaces.  In 
summer, the first floor was comfortable, but the second floor was hot - the single 
house air conditioning system could not provide the desired cooling.  
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Deficiencies Found 
As usual, the construction workmanship of the house was shoddy, with very little 
attention to details.  As work progressed, the list of shortcomings continued to grow.  
The following list the major defects found: 
• No effort had been made to seal cracks or crevices around receptacles or 
light fixtures. 
• The inside of the header framing boards which sit atop the first story concrete 
block were un-insulated, Figure 3 below.  
 
Figure 3:   Un-insulated Header 
 
• In the attic, the ceiling and walls on the cold side of the stairwell were 
completely bare i.e. no insulation at all.  
• The attic floor had only about two inches of fiberglass insulation between the 
joists.    
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• There was a uniform and continuous one inch open air crack between the 
chimney and the second story framing.  This one inch crevice was also 
found between the chimney and the second story ceiling joists in the attic. 
• In the attic, it was discovered that the opening framed for the flue vent pipe 
exit from the main house was wide open.  There was a 1.5 foot square 
hole where the pipe entered the attic; this author was able to look straight 
down from the cold attic into the warm utility room.   
• A detailed inspection of the newly installed attic air handler found that three 
of the ceiling registers were badly connected to the ductwork leaving half 
inch gaps.  Also, a ten inch diameter aluminum air return duct was left un-
insulated.   
• Large unsealed and un-insulated spaces were revealed on the first floor 
North wall after its siding had been removed.  There were extremely large 
gaps below the windows, and between the beams of the upper porch.  
Figure 4 is the overall view of that wall during the work. Figure 5, is a close 
up of the gaps beneath the windows, and Figure 6 shows the open space 
found under the porch eaves.  Note that in Figure 6, you are looking 
directly into the open  house framing below the upstairs flooring 
   6
   
Figure 4:   North Wall - Construction 
 
Figure 5:   Window Gaps 
   7
 
Figure 6:   Opening Under Porch. 
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Improvements 
Improvement work was done in many steps, generally over the warm weather 
months.  The beginning steps were simple, and followed standard home energy 
conservation recommendations (Haimes, 1980), (U.S. Dept. of Energy “Consumers 
Guide, 2005).  For more in-depth work, some dismantling and rebuilding of portions 
of the house were involved (Seminars, 1999). 
In the beginning it was believed that the primary mechanism of heat loss was 
conduction through poorly insulated surfaces.  However, after the several years of 
work, it is now thought that air infiltration was an equally severe problem.  Details of 
improvements will cover this further.  The next Table shows chronology of all work. 
May 2004 Moved in 
Summer - Fall 2005 Fixtures; receptacles sealed. Flue pipe exit framing 
sealed. East exterior wall (both stories) insulated and 
sealed. South first floor wall insulated and sealed.  
Spring 2006 Second floor heat pump installed.  Attic blow-in 
insulation complete.  Attic side stairwell walls insulated.
Summer 2006 West wall second floor insulated and sealed. 
Summer 2007 North wall first floor insulated and sealed. 
Table 1:  Chronology 
 
Basic Improvements 
Basic improvements are considered those that are recommended in most energy 
conservation summaries:  seal cracks, install drapes, weather strip doors, etc.  Due 
to the amount of cold drafts that first winter, this was a logical first step. Inspection 
showed that some of the light fixtures had air gaps of 1/4 inch wide.  These along 
with all exterior wall receptacles were sealed with polyurethane foam.    
• A total of ten ceiling fixtures and 18 wall receptacles were completed. 
• The framed hole in the attic for the flue vent pipe exit was covered over, 
sealed and insulated with non-combustible material.   
• The ceiling and walls on the cold side of the stairwell were thoroughly 
insulated. 
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• About 8 inches of cellulose insulation was blown into the attic on top of the 
existing insulation.  
• Drapes and windows shades were installed on all the second floor windows. 
Advanced Improvements 
• Advanced type work involved some dismantling and rebuilding of portions of 
the house.  Fortunately, this was relatively easy because all siding is in the 
form of 4 ft. x 8 ft. board sheets.  It was not difficult to remove these sheets, 
and an entire wall could be exposed in a couple hours work.  Had the siding 
been individual boards, it is doubtful that this more extensive work would 
have been done. 
• The sheet siding was removed from the east side second story.  All cracks 
between the sheathing boards were sealed with foam.  Two inch thick 
polystyrene insulating boards were added on the exterior of the sheathing. 
• Two inch thick polystyrene insulating boards were added on the exterior of 
the concrete block on both the south and east first floor walls.  This 
polystyrene was also installed on the exterior of the chimney all the way to 
the top.  Siding was then installed over all of the polystyrene insulating 
boards.  Figure 7 below shows this wall mostly finished.   
   10
 
Figure 7:   East Wall Installation 
 
The sheet siding was next removed from the west side second story.  All cracks 
between the sheathing boards were sealed with foam. One inch thick polystyrene 
insulating boards were then added and the siding re-installed. 
The surface of the chimney that was visible inside the attic was also covered with 
two inch thick polystyrene insulating boards.  The open one inch crevice between 
the chimney and the second story ceiling joists was sealed with insulation boards 
and foam. 
A heat pump and air handler were installed in the attic for sectional heating and 
cooling the second story of the house.  The poorly installed ceiling register gaps 
were sealed.  The un-insulated aluminum air return duct was covered with three 
layers of ¼ inch flexible polystyrene insulation sheets. 
The siding was lastly removed from the north side first floor block wall.  The five 
windows were partially removed and the edge gaps filled with foam.  All cracks 
between the concrete blocks were sealed.  The large gaps left from construction 
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were filled with fiberglass and covered with polystyrene.  Two inch thick polystyrene 
insulating boards were added on the exterior of the block and the siding re-installed.    
Figure 8 shows details of a polystyrene insulation board and the polyurethane foam 
used for sealing crevices. 
    
Figure 8:   Insulation Board and Foam. 
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Construction Details 
General 
The house (as are most) is basically a box once you remove the eaves, porches 
and other shapes. A more formal geometric term is “rectangular prism” or “cuboid”.   
 
Figure 9:   The House as a Basic Cuboid. 
 
 Heat is lost through all the surfaces. For this study, conduction will be the primary 
consideration, and estimates of conductive heat loss are made for each of these 
surfaces.  Convection occurs at the surfaces, and although often important, is 
beyond the scope of this study.  In order to include some factor for convection, 
values for interior and exterior wall surface convective coefficient were taken from 
Appendix #2 (Colorado Energy, 2000).   
Most of the windows in the house have curtains or shades.  The author is 
conscientious about day-to-day energy conservation and keeps these shades 
closed on cold or hot days. Thus radiant heat loss (or gain) is also not part of this 
study. 
Dimensions of the house are shown in the next two figures. 
Sun 
Room 
Main House
North Wall
N 
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Figure 10:  Plan View 
   14
124"188"
102"
312"
80"
102"
24"
288"
102"
530"121"
102"
House Dimensions – Side Views
North Side
East SideWest Side
South Side
  
Figure 11:   Side View 
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Walls: 
Since the house is first floor block and second floor frame, each of the wall surfaces 
had to be estimated separately.  The walls are identified as first or second floor, and 
by direction - north, south, etc.  All the walls are composite because of the multiple 
layers of materials used in construction.  The representative sketches and 
descriptions that follow show these layers before and after the energy improvement 
work.   
Before Improvements 
First floor: 
North wall - Cedar siding boards, air gap, concrete block, 3/4 inch styrofoam 
insulation board, drywall. Five windows, one door 
East Wall - concrete block, 3/4 inch styrofoam insulation board, drywall. no windows 
South Wall - concrete block, 3/4 inch styrofoam insulation board, drywall. no 
windows 
West Wall - Cedar siding boards, air gap, concrete block, 3/4 inch styrofoam 
insulation board, drywall.  
Sunroom: Vinyl siding boards, sheathing, 2x4 frame with 3.5 inch fiberglass, 
drywall. two windows, one door 
Second Floor: 
North wall - Cedar siding boards, sheathing, 2x4 frame with 3.5 inch fiberglass, 
drywall. four windows, one door 
East Wall - Cedar siding boards, sheathing, 2x4 frame with 3.5 inch fiberglass, 
drywall. no windows 
South Wall - Cedar siding boards, sheathing, 2x4 frame with 3.5 inch fiberglass, 
drywall. two windows, sliding patio door 
West Wall - Cedar siding boards, sheathing, 2x4 frame with 3.5 inch fiberglass, 
drywall. no windows 
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After Improvements 
First floor: 
East Wall - Cedar siding boards, 2 inch polystyrene insulation, concrete block, 3/4 
inch styrofoam insulation board, drywall. no windows 
North wall - Cedar siding boards, 2 inch polystyrene insulation, concrete block, 3/4 
inch styrofoam insulation board, drywall. Five windows, one door. 
South Wall - Cedar siding boards, 2 inch polystyrene insulation, concrete block, 3/4 
inch styrofoam insulation board, drywall. no windows 
Second Floor: 
West Wall - Cedar siding boards, 1 inch polystyrene insulation, sheathing, 2x4 
frame with 3.5 inch fiberglass, drywall. no windows. 
Frame Details: 
The wood frame 2x4 walls are not uniform in their construction.  Wall studs are 
approximately 16 inches apart with fiberglass insulation between them.  Insulation 
has a good resistance to heat flow, but the 2x4 portions have a much lower 
resistance1.   In this study though, it is assumed that the entire wall has a uniform R-
value. 
Air infiltration  
Badly constructed houses, such as this one, tend to be very leaky and air infiltration 
is a noticeable problem.  The number and size of open air crevices was previously 
mentioned.  It is exceedingly difficult to calculate actual air flow through these 
cracks and crevices, but an estimation of total area was done by a simple 
summation of length times width of all cracks and gaps that were found.  It turns out 
that the size of this composite air hole is appallingly large with a flow area of over 
200 square inches.2  This is equivalent to leaving a standard sized window a third of 
the way open.  
                                            
1 See Figures 30 and 31, Chapter Seven. 
2 Does not include the 325 in2 framed flue opening. 
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It is important to note that some ventilation is required.   Standard 62.2 developed 
by ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning 
Engineers)3 recommends a minimum ventilation rate of 1 cfm per 100 sq. ft. of floor 
space, plus 7.5 cfm per bedroom. For example, this is a 2,400 sq. ft. home with four 
bedrooms, it would be (2400/100)+(7.5*4) = 54 cfm fresh air.  This necessary air 
change is an inescapable energy loss (ASHRAE 2008). 
In addition, there is one air hole that cannot be sealed up - the furnace flue vent.  
Combustion gasses must be vented to the outside to prevent CO buildup within the 
residence.  In this house the flue pipe vents both the hot water and furnace.  
Although natural gas is clean burning, higher temperature and cheaper, the building 
heat loss of constant air flow out this flue vent reduces its desirability.  It was 
attempted to quantify this amount of air flow loss. 
Thermal Conductivities 
A key variable in conductive heat transfer is thermal conductivities of materials.  The 
method chosen to represent this for the general public is in terms of thermal 
resistance R-values - basically the inverse of thermal conductivity.  Many references 
are available listing R values for materials.  The R values used in this study were 
taken from Colorado Energy, and are shown in Appendix 2.  This resource provides 
many R values, and the appropriate ones were used for this study.  
Also in Appendix 1 are pages that show wall construction and composition details.  
These are specific to each house wall and list the R values for the individual layers 
within each surface itself and the overall R before and after any improvements.   
The U.S. Department of Energy (DOE) recommendations for this area (zone 10b) is 
for a minimum R of 11 for frame walls and an R of 25 in attics.4 
                                            
3  See Appendix 7. 
4 See Appendix 8. 
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As of February 2008, the list of house surfaces and the before and after R values 
are compared: 
House Surface R value,   hr-ft2-oF per BTU 
Unimproved Attic 9 
Improved Attic 34 
Unimproved Block walls 7 
Insulated Block walls 14 
Unimproved Frame wall 15 
Improved Frame wall 19 
Bare interior frame wall5 1 
Insulated Frame wall 15 
Table 2:  R values 
                                            
5 Bare stairwell wall in the attic. 
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Chapter Three - Weather 
Heating and cooling requirements are ultimately dependent upon outdoor weather 
conditions.  The National Weather Service has extensive data archive available 
((National Weather Service, 2008). Sample monthly weather summary sheets for 
two different months are included in the Appendix.  For the four years of this study, 
monthly totals and averages were gathered containing degree days, minimum and 
maximum temperatures. Figure 12 below is a plot of degree heating and cooling 
days per month for the period of this study.  It is interesting to note that for the 
Charleston, West Virginia vicinity the major energy requirement is for heating.  
Comparison of the areas under the curves indicates that heating requirements are 
about three times that of cooling.    
Weather Data
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Figure 12:   Weather Data 
 
Degree Days  
Heating Degree Days (HDD) and Cooling Degree Days (CDD) are quantitative 
indices designed to reflect the demand for energy needed to heat or cool a home. 
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These indices are derived from daily temperature observations, and the heating (or 
cooling) requirements are considered to be directly proportional to the number of 
degree days at that location. 
Specifically, the number of degrees in a day is defined as the difference between a 
reference value of 65°F (18°C) and the average outside temperature for that day. 
The value of 65°F is taken as a reference point because generally no heating or 
cooling is normally required at that temperature. Heating and cooling degree days 
can be added over periods of time to provide a rough estimate of seasonal heating 
and cooling requirements.  
Temperature Correlation 
The Charleston, W.V. weather data is gathered at the National Weather Service 
office located about 8 miles south of the city.  This residence is in Sissonville, W.V. 
about 10 miles north of the city.  In order to ensure that there was sufficient 
correlation between the NOAA temperatures and the local residence temperature, 
daily morning temperature data was gathered for about 3 months and compared to 
NOAA data.  Figure 13 shows that there is acceptable correlation between the two 
sets of data and that use of the NOAA values is valid.  Variations are probably 
caused by time differences in taking the actual temperature readings.  Thus the 
NOAA data for HDD and CDD were used for the energy vs. temperature 
comparisons.  
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Temperature comparison: Local vs NOAA
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Figure 13:   Temperature Comparisons 
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Chapter Four - Utility Consumptions 
Types 
The two forms of energy used in the house are electricity and natural gas.   Natural 
gas is used for water, space heat, and the clothes dryer.  Electricity is used to 
power the two heat pumps and all the lights, appliances, and other devices found in 
a normal household.   
Monthly gas and electricity consumption data for the house is available from May 
2004 through February 2008.  Electricity data is actual monthly usage; natural gas 
is recorded bi-monthly even though users are billed monthly - the months of no 
reading are done by estimate.  In order to smooth out the variations caused by 
these inaccurate estimates, the natural gas chart shows data on a 3 month moving 
average.  
Natural Gas 
For the natural gas use, there is a baseline load of about 900 MCF (thousand cubic 
feet) per month in the summer when only hot water and the dryer are being used.  
The peak use occurs in the coldest of winter.   Figure 14 below shows historical 
usage of natural gas.  See the downward trend resulting from the ongoing energy 
conservation efforts. 
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Monthly Natural Gas Use
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Figure 14:   Natural Gas Use 
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Electricity 
For electricity, the baseline use has risen to about 800 KWH per month in the mild 
weather portions of Spring and Fall when no heating or cooling is required.  Peaks 
occur in summer during air conditioning mode and winter during heating mode.   
See Figure 15 below.  Note the slight overall upward trend due to the installation of 
the second heat pump. 
Monthly Electrical Use
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Figure 15:   Monthly Electrical Use 
 
Total Energy Use 
In order to obtain a complete picture of energy consumption, a chart of total monthly 
energy use is included.  It combines the electrical and gas consumptions in terms of 
Joules.  Conversions are 1.1x109 Joules of energy per MCF of natural gas, and 
3.6x106 Joules per KWH of electricity.  The chart clearly shows that winter weather 
causes the maximum energy use and that there is a house baseline use of about 
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5000 million Joules per month.    This baseline would be the result of lighting, 
appliances, clothes dryer, water heater, etc. 
Total Energy Consumption
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Figure 16:   Total Energy Consumption 
 
It was desired to obtain more precise results and correlations.   Therefore, 
beginning on 7/10/07, daily readings of the natural gas and electrical meters were 
begun.  This data, combined with daily weather information allowed development of 
a more detailed relationship predicting energy consumptions vs daily weather.  This 
will be presented in a later section. 
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Chapter Five – Weather, Energy Correlations 
One of the first questions that comes to mind is “How strong a correlation is there 
between the weather and the energy consumption within this household?”    It turns 
out that there is a reasonably good correlation.   
Two time periods are selected for evaluation.  The initial period is from May 2004 
through March 2006.  This is an initial period of residency before any significant 
energy reduction project work.   
Natural Gas 
There was a very strong relationship between natural gas use and the amount of 
heating degree days.    Figure 17 shows this.  The solid black trend line follows gas 
use for the initial period.  The relationship is linear; the regression equation of that 
line is y = 0.0219X + 1.9; the R2 is 0.82 – a good correlation.  The second period 
evaluated is the time from October 2006 to February 2008 (dashed trend line).  The 
data fit is better; the linear equation is y = 0.0134X + 1.7; the R2 is 0.85.  The trend 
of successful natural gas reduction is clear. 
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Figure 17:   Gas Use vs Heating Days 
 
   27
Electricity 
The relationship between electrical use and both heating degree days and cooling 
degree days was also looked at for the same two time periods: Figures 18 and 19.   
This comparison did not prove enlightening, and resulted in very muddy data.   
Even though the air conditioning systems are all electrical, there was not much of 
an overall increase in KWH use during the warm weather.   It was obvious that there 
was a baseline shift with the addition of the second heat pump.  There was some 
increase in KWH consumption during the cold months.  However, after adding the 
second heat pump, the correlation between outdoor temperature and KWH use was 
reduced.  
KWH Usage vs Cool Degree Days
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Figure 18:   Electricity vs Cooling Days 
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KWH Usage vs Heating Degree  Days
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Figure 19:   Electricity vs Heating Days 
 
The last step was to evaluate KHW use vs total degree days, i.e. the sum of both 
degree heating and cooling days.  This is more realistic because electricity is used 
both for the air conditioning units and for the back-up heat coils in the second story 
heat pump.  See Figure 20. 
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KWH Usage vs Total Degree Days
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Figure 20:   Electricity vs Combined Degree Days 
 
The solid black trend line follows KWH use for the initial period.  The relationship is 
linear; the approximate equation of that line is y = 1.53X + 505; the R2 is 0.61 – only 
a fair correlation.  The second period (Oct. 2006 to Jan. 2008 - dashed trend line), is 
shown; the linear equation is y = 1.21X + 792; the R2 is 0.39 –not a good 
correlation.  However, the change in electrical use is clear.  After the second floor 
heat pump was installed, KWH consumption increased.   
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Daily Data 
All of the previous correlations were done with monthly averages. It was desired to 
see what insights daily data might provide.  It turned out that there was no good 
correlation between KWH use and the weather conditions.  However, comparison of 
daily natural gas use and outdoor temperatures provided a good fit. Figure 21 below 
shows the comparison. 
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Figure 21:   Daily Natural Gas Use 
 
There is obviously a lot of scatter in the data, but again the trend is clear.  This type 
of comparison was then turned around to compare gas use vs actual outdoor 
temperature.  Figure 22 shows the inverse relationship.  This is the most useful 
correlation, because it can be used to approximate daily gas purchase based on the 
weather.  It has a fairly good correlation with an R2 of 0.75. 
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Daily Natural Gas Use 7/07 - 2/08
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Figure 22:   Natural Gas Use vs Outdoor Temperature 
 
Baseline Energy:  
For all of these charts, the baseline energy use of the household can be seen in 
both gas MCF per month and electrical KWH per month.  The base gas use is about 
900 MCF per month and the base electrical use is 700 KWH per month. 
Weather Cycles 
Seasonal weather is a cyclical phenomenon.  The movement of the earth around 
the sun is a rotational event; although the orbit is properly an ellipse, it can be 
roughly modeled as a sine wave.    
If weather is cyclical, then energy consumption should also be cyclical.  In fact, 
Figure 16 looks remarkably like a damped sine wave.  The damping, in this case, is 
the ongoing energy conservation work.  Efforts to calculate a sine wave damping 
coefficient were not successful, but a separate sine wave algorithm was developed 
for each individual peak in the graph. Figure 23 shows the same data as Figure 16 
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with months on the x-axis representing the elapsed time of residence.  A sine wave 
algorithm is superimposed on it.  This particular algorithm, Y = 9800 [sin(100.008t)] 
+ 12500 was approximated to match the first year energy use, and is a remarkable 
fit.  The change in peak usage over time due to the energy conservation efforts is 
clear.   A different multiplier was estimated for each successive peak (i.e. winter) to 
see the changes made in energy use.   
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Figure 23:   Energy Algorithm 
 
Algorithms 
The first mathematical equation developed can be used to equate energy purchase 
to cold weather conditions.   Cold weather is the primary consideration since two-
thirds of the household energy is used for heating.  The algorithm is based upon 
Figure 22.  It allows us to calculate natural gas use based on the outdoor 
temperature.  The linear equation is Y = -.01X + .55, where X is the out door 
temperature in oF, and Y is the natural gas use in MCF.   
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The second algorithm is the sine wave approximation.  Four separate equations 
were developed – one for each energy peak in Figure 23.   The form of the 
algorithm equation is Y = Amp sin(ωt+θ)+K.   
These four cyclic algorithm equations are: 
Dates Months Equation 
June 04 – July 05 2-15 Y = 9800* sin (100.008t) + 12500 
Aug 05 – July 06 16-27 Y = 6810* sin (100.008t) + 10000 
Aug 06 – June 07 28-38 Y = 5800* sin (100.008t) + 10000 
July 07 – Feb 08 39-46 Y = 4500* sin (100.008t) + 10000 
Table 3:  Energy Algorithms 
 
The various values in the equation are explained.  The Amp value is the most 
noteworthy number.  It represents the amplitude of the wave; the significance is that 
the peak energy consumptions are being reduced every year.  The ω is the 
frequency of the event; it should not change (unless the earth orbit is perturbed).  
There is a slight shift in phase for the third year.  This is likely caused by weather 
variability.  Time in months is represented by t, thus the reason for using elapsed 
months instead of dates for this equation.  The last value K, is the baseline energy 
value needed to bring the entire sine wave up into the positive value realm6 since 
energy is always being consumed.  If the residence was an energy generator, 
outgoing energy would have a negative sign, and the algorithm would need to be 
shifted downward to show this negative value.  Separate graphs for each of the four 
different algorithms are shown in Appendix 12. 
Another interesting aspect of Figure 23 is that the winter peak values decline in a 
rather exponential manner.  Using just the four maximum values, an exponential 
curve was developed.  It turns out that a power function is more accurate than a 
natural exponential function.  Appendix 13 contains this particular comparison.  
                                            
6 Remember that sine wave amplitudes are equal in both (+) and (-) directions. 
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Chapter Six – Heat Losses 
Theoretical 
The theoretical conductive heat losses for all house surfaces (including ground slab 
and attic floor) were estimated based upon total R value, surface area and the 
average monthly temperature difference between indoor and outdoor (Bird 1960), 
(Incropera 1990). 
The formula used:   
   Qj   =    0.77 * A ( Tin – Tout) 
                      Rtotal  
 
Where:  Qj is heat loss in millions of Joules per month 
A = surface area of the wall/floor in square feet 
Tin = monthly average indoor temperature, oF 
Tout  = monthly average outdoor temperature, oF 
  R = resistance value, Hr-sq.ft.-oF per BTU 
For simplicity, the Delta T is the same for all surfaces during a month.  Conduction 
then varies only due to area and R value.  Details of heat loss calculations are 
shown as tables of values in Appendix 4.  Columns show heat loss calculated for 
each individual surface and the surfaces are split into first and second story.  This is 
because many of the walls in the house are different between stories.   The third 
page final column shows the total sum of conduction losses for all surfaces.  Note 
that these calculations are necessarily approximate.  The heat flow calculations are 
done on a monthly basis, with no correction for individual day temperature 
conditions. 
It is interesting to observe the calculated heat losses from several surfaces.  For 
January 2005 temperatures, the heat loss through three of the first floor main 
concrete block walls is over 1 million BTU per month.  In comparison the loss from 
the upstairs frame walls is half of that.  Also noted is that the heat loss through the 
ground slab is also greater than 1 million BTU per month; the loss through the attic 
floor is the largest of all at 2.5 million.  Of particular interest is the un-insulated 
stairwell walls.  They estimate at almost 2 million BTU per month. 
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Forward to January 2008 for post-project estimates; the heat loss through the 
insulated block is reduced by over half; the attic floor is cut by two-thirds, and the 
stairwell wall loss cut by a factor of 10.   
Two example charts follow showing the tabulated heat losses.  The first, Figure 24 
shows total theoretical conductive heat loss each month based upon the 
approximations.  Note that the curve roughly follows that of the degree heating days 
shown previously in Figure 12.   
Theoretical Building Conductive Heat Loss per month
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Figure 24:   Conductive Building Heat Losses 
 
The next chart Figure 25, compares theoretical losses from several different 
surfaces throughout the time periods. The impact of weather (i.e. temperature 
difference) is obvious – the wall losses closely parallels overall house loss.  See 
how the attic losses were dramatically cut by the addition of sufficient insulation.  
Also interesting is the gently cyclical nature of the heat loss through the ground 
slab.  This is due to the near constant deep earth temperature of 55 oF.  In summer, 
this actually is of benefit because it helps cool the house. 
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Comparative Conductive Heat Losses - Several Surfaces
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Figure 25:   Calculated Losses for Selected Surfaces 
 
Sample Results 
Using the previous formula with two different surfaces and two representative 
months, an example calculation is presented.  The calculated losses for January 
2005 and January 2008 are shown, and for the south wall first story and the attic 
floor.  These would represent time periods before and after significant conservation 
project work. 
South Wall     
Date 
Surface 
Area, ft2 Total R 
Temperature 
difference oF 
Heat flow, 
BTU/mo 
Jan. 2005 380 5.1 30 1.6 x 106 
Jan. 2008 380 13.9 34 0.7 x 106 
Attic     
Date 
Surface 
Area, ft2 Total R 
Temperature 
difference oF 
Heat flow, 
BTU/mo 
Jan. 2005 1100 9.2 30 2.6 x 106 
Jan. 2008 1100 33.9 34 0.8 x 106 
Table 4:  Example Results 
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Warm Air Losses 
Air infiltration causes increased energy consumption.  But how much?  It was 
desired to gain some estimate of air changes in the house and the impact these 
have on energy usage.  The flue vent from the furnace and water heater seemed to 
offer a chance to make measurements of exit air flows.  
Flue Vent Flowrate 
The most difficult part is quantifying the energy loss from this flue vent.  Clearly, the 
air flow is highest when both the water heater and furnace are running; and lowest 
when neither of them are on.  The flow is basically through natural convection due 
to temperature difference.   
Gas flow measurements could be done by a vane type flowmeter (anemometer), 
pitot tube or orifice plate.  Anemometers were beyond personal budget limits; pitot 
tubes are for much higher flows than expected; an orifice plate seemed ideal.   
In order to gain some idea of flow magnitude, a crude flow test was done with a 
stick of incense held in the opening of the flue pipe.  The smoke trail observed 
seemed to be flowing at an approximate velocity of 2 ft/sec while the hot water tank 
was operating.  This value was then used for initial sizing of the orifice plate. Details 
of the orifice diameter calculations are in Appendix 5.  Initial calculations gave an 
orifice hole diameter of 1.6 inches.   Since the flue vent pipe is 6 inches in diameter, 
a reduction in flow area from 28 in2 to 2.0 in2 just seemed too much a reduction.  
The orifice diameter was arbitrarily resized to 2.5 inch diameter based upon the 
author’s past engineering design experience (Perry 1997), (Crane 1988). 
The orifice plate was made from a 1/8 inch sheet of aluminum, with a 2.5 inch 
diameter flow orifice hole cut in the center. A section of the flue pipe was removed, 
cut in half and the orifice plate installed. A differential pressure meter range 0-6 
inches of water was obtained cheaply.  Upstream and downstream pressure taps 
were attached to this now orifice run.  See Figure 26.   
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Figure 26:   Flue Orifice Run 
 
Errors 
Orifice calculations apparently were seriously in error.  Attempts to calibrate the flow 
orifice with a fan were unsuccessful.  Estimates of flow vs Pressure drop did not 
match.  At the maximum fan operation, delta P was less than 0.1 inch of water with 
a 2.5 inch diameter orifice.  Smaller orifice diameters of 1.5 inch and then 0.75 inch 
were tried.  Again, the maximum delta P achieved was about 0.1 inch of H2O.  It is 
concluded that the air flow through the orifice is much less than initially estimated, 
and a much smaller range of ΔP measurement would be needed. 
As a test, the orifice run was installed in the flue pipe with the 1.5 inch orifice plate.  
After installation, the ductwork became quite hot, indicating that the orifice was 
causing flow obstruction and that the vent gases were backing down the duct and 
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venting into the room.  The odor of warm stack gas was also noticed.   The 1.5 inch 
orifice was removed and the 2.5 inch diameter orifice installed.  Stack flow operation 
with this larger opening was satisfactory with no detectable backflow of flue gas.  
This orifice is still in place. 
Flue Gas estimates 
In order to see if there was excessive air infiltration, an estimate of the flow out the 
flue was made.  This can be approximated by estimating the flow using a stack draft 
effect formula (ASHRAE)..   
W = C A / 2 g h Ti – To 
           √            Ti 
 
where:   W = stack draft flow m/s 
  C = discharge coefficient, nominally 0.65 
  A = Stack flow area, square meters 
  g = gravitational constant, 9.8 m/s2 
  h = height of stack, meters 
  Ti = average indoor temperature, K 
  To = average outdoor temperature, K 
 
For the winter house with the furnace operating,  
 A = 0.19 m2   C = 0.65 
 g = 9.8 m/s2  h = 5 meters 
 Ti  = 533 K  To = 272 K 
Flow rate W is about 0.086 cubic meters per sec, or 3 cubic feet per second.    
Stack draft calculations are included in the Appendix. So how much of an effect 
does this stack loss have upon total house energy use?  As previously stated, the 
house is a box, and it has a total volume of 21000 cubic feet.  At an exit air flow of 3 
cubic feet per second, there is a complete air change of the house in about two 
hours.  (ASHRAE standard 62.2 provides a desired value of 0.9 cubic feet per 
second).  The equation for heating a flowing fluid is Qb = M Cp (Thot – Tcold), where 
  
Qb is heat flow, BTU per hour 
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  M is flow rate, cu. ft. per hour = (3 cu.ft./sec)*(3600) 
  Cp is specific heat of air = .018 BTU/cubic foot - oF 
  Tint is outdoor temperature, 70 oF 
Tout is outdoor temperature, 30 oF 
Time is 730 hours per month 
Heat loss Qb is thus 5.7 million BTU per month in cold weather 
This seems to be significant fraction of the total household cold weather energy use 
of 15 to 20 million BTU per month.  However it partially explains the discrepancy 
between actual total household energy use and the estimated conductive losses.   
For example: 
Month 
Total energy use, 
BTU x 106 
Est. Conductive Loss 
BTU x 106 
Discrepancy 
BTU x 106 
Jan 05 20 13 7 
Feb 07 15 9.7 5.3 
Table 5:  Flue heat loss 
 
Since this estimated flue vent rate is three times higher than the ASHRAE 
recommendations, there appears to be opportunity for savings here. 
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Chapter Seven - Infra-Red Imaging 
IR Camera 
The Marshall University Physics Department recently acquired a thermal infra-red 
camera.  The camera views in the IR range of 8 to 14 micrometer wavelength 
range.  This corresponds to the longer wave thermal emissions of objects.  As such, 
it is an excellent tool for evaluating heat loss or gain from a building. 
This camera was loaned to me as part of this investigation.  Figure 27 is a picture of 
this unit. The camera came with power cable and video output cable, but without 
any documentation.  The only identifying marks are on the lens itself, as can be 
seen in the picture (Infrared Solutions, 2008). 
 
Figure 27:   Infra Red Camera 
Search revealed that Infrared Solutions Inc. had been purchased by Fluke 
Corporation some years ago.  It also revealed that this was an old piece of 
equipment, probably made about 1980.  Today Fluke makes a wide range of 
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thermal imaging systems.  These are now completely self-contained as “point and 
shoot” without need for an exterior interface for image capture (Fluke 2008).    
Image Capture 
The first steps in using this camera was learning to capture the presented images.  
The output cable allowed the camera to be directly connected to a TV monitor for 
real time viewing of the IR image.  The original design for this specific camera was 
to be directly connected to a VCR and recorded on VHS format tape.  However, this 
format is basically obsolete.  In order to be truly useful, we need to use up to date 
technology.    An extensive amount of time was spent searching for ways to connect 
this camera directly to a computer in order to provide both still pictures in .jpg format 
and movie scenes in either .avi or .wmv formats.   
Discussions with the personnel in the Audio Visual Department at University of 
Charleston (U.C.), provided guidance to the need for some sort of video interface 
between the camera and the computer.  A local computer store had the correct type 
of interface that allowed the camera to be directly connected to a PC with the image 
displayed on the computer screen.  The interface chosen was a Dazzle® video 
capture device with USB 2.0 for connection to the computer.  It also came supplied 
with the necessary video capture software.  See Figure 28. 
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Figure 28:   Video Capture Interface 
As is typical with any computer installation, much time was spent installing the 
software and hardware.  Attempts to even view an on-screen image were not 
successful until an updated driver was finally downloaded from the Pinnacle™ 
software website (Pinnacle 2008).   Suddenly, presto!  There was the image.   
First trials were done with the author’s home desktop computer.  The camera 
capability and image capture were proven successful.  However, use of the desktop 
PC limits the camera mobility to the length of the USB cable.  This author was able 
to gather images from the two rooms adjacent to the PC, but true “go anywhere” 
mobility was desired.   
A laptop was borrowed from the U.C. Library for mobile video capture.  This unit did 
not work.  Images were mostly visual “static” because it was equipped with the older 
USB 1.1 connection port.  As the instructions stated, a higher speed USB 2.0 
connection was necessary.   The U.C. audio visual folks kindly provided a laptop 
with a USB 2.0 plug, and this unit was a success once all software, downloads and 
hardware were correctly assembled.  Figure 29 shows the camera, video capture 
interface and laptop all together.  Detailed instructions for this assembly are 
provided in Appendix 10. 
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Figure 29:   Connected Video System 
Images 
In IR images, the darker an object is, the colder it is.  As locations around the house 
were scanned, many surprising things were seen.   
Figure 30 below shows an indoor view of a section of standard wood frame 2x4 
house wall in the camera IR wavelengths (top) and in visible light (bottom).  The 
wall studs are obviously cooler than the insulated section of the wall. This is known 
as thermal bridging.  There is clearly cold air infiltrating through the plug box.   Note 
also the small black dots on the vertical studs.  These are the wall nails.  A visible 
light picture is provided to give a comparison of the same wall section. 
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Figure 30:   Interior Wall View 
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The same phenomenon can be seen when viewing the exterior of the house.  
Figure 31 shows an exterior view of a wall.  This was taken on a cold night, so the 
warmer framing studs are clearly visible.  Note the wood screws holding the siding 
to the frame studs.    
 
Figure 31:   Exterior Wall IR View 
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Figure 32 below is an IR picture of the sunroom from the outside, again on a cold 
night. Note the roof line, the dormer style window and the very warm window edges.  
No energy improvements have yet been done to this room.  
 
Figure 32:   Exterior View Sunroom 
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When viewing the interior of the house, surprising inadequacies in the insulation 
were found.  Figure 33 shows where the ceiling insulation blankets are not 
completely covering the ceiling surfaces.  These insulation gaps were not obvious 
during visible inspection of the attic, and would never have been discovered without 
IR imaging.  These gaps will be corrected during the upcoming summer of 2008. 
  
Figure 33:   Ceiling Insulation Gaps, IR image 
Image Temperatures 
The IR camera proved to be quite sensitive; resolution seemed to be about ±0.2 
degrees C.  Temperatures were measured of the features shown previously in 
Figure 30.  The main wall is approximately 17.8 oC. The cooler 2x4 studs are at 
16.8 oC.  The wall nail was measured at a temperature of 16.2 oC.  All temperature 
measurements were taken with a Fluke Model 61 Infrared non-contact 
thermometer; range -18 oC to +275 oC.  See Figure 34 .  
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Figure 34:   IR Thermometer 
 
This thermometer proved to be quite a useful complement to the IR camera.  Items 
that appeared to be significant in the IR spectrum were sometimes found to be less 
dramatic when the temperature was actually measured.  Figure 35 illustrates this.  
As part of the learning process with the camera, the author looked at the electrical 
circuit breaker box in the house.  In the two images, the house electrical circuit box 
is shown in both the visible and IR spectrum.  The striking image of a “hot” circuit 
breaker was an alarming sight.  However, it could not be felt as warm to the touch, 
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and measurement with the IR thermometer showed a temperature only 2.8 oC 
higher than the rest of the unit.  Whew!  A good illustration of having more than one 
piece of data before making a conclusion. 
 
 
Figure 35:   Electrical Circuit Box 
 
All in all, the IR camera has been a very interesting and entertaining device.  This 
author has recorded many different situations with it, including: cars driving on a 
road at night, a cold winter night with a full moon, outdoor pets on a cold night, 
firearms warming up during rapid use, and several houses indoors and out.  But I 
digress…  
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Chapter Eight - Results  
Comfort 
Comfort is a subjective matter and difficult to measure.  However, comfort is the 
primary reason we go to all the effort to heat and cool our houses.  We prefer 
uniform temperatures with minimal short-term fluctuations.  Many of the 
improvements described here were driven by comfort considerations, although cost 
was an important criteria too.  Comfort measurements can be subjective, and an 
actual dollar figure is almost impossible to attach to this variable.   However distinct 
comfort improvements were achieved; as follows: 
? The living room, which was the coldest room in the house, is now the warmest 
room in the house. 
? The second story was unpleasantly warm in summer, and is now easy to 
maintain at a comfortable temperature. 
? The significant cold air drafts that could be felt around both fireplaces and 
around the North wall windows no longer exist. 
? The upstairs bedrooms on the north side of the house are warmer. 
? There is a general sense of snugness to the insulated sections of the house. 
Thermal Mass 
One other benefit of installing the insulation on the outside of the concrete block is 
that the block is now added to the thermal mass of the inside of the house.  The 
heat capacity of air is actually a bit higher than the heat capacity of the concrete 
block (1100 vs 880 Joules/Kg-oC).  However, the mass of air within the house is less 
than one-tenth that of the concrete walls (1700 kg vs 23000 kg).  This extra thermal 
mass keeps the interior temperature at a more uniform value throughout the 
temperature swings of day and night.  
This thermal mass increase is obvious on colder mornings.  The author routinely 
lowers the thermostat to 60 oF each night before bed.  It is now noted that morning 
house temperatures drop to that value only on the coldest days.  Many mornings it 
is found that the house temperature is still in the mid 60’s. 
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Economics 
Costs 
Project costs consist of both materials and labor.  Many times these are combined 
into a total price by the contractor/installer.  For this thesis, they are reported 
separately. 
Materials 
A summary of material cost of the various improvements to date follows: 
? Insulation boards - $1200 
? Foam sealant - $135 
? New siding - $420 
? Attic floor insulation - $450 
? Miscellaneous hardware - $110 
? Sub total = $2315 
Labor 
A considerable amount of money was saved on labor since the author did all the 
work himself.  However, for most homeowners, this approach is not an option; labor 
costs must be included in any energy conservation estimate.  Labor can easily be 
two to four times the cost of materials.  For this report, labor costs are estimated as 
a two times factor of materials, giving a potential cost of $4630.    
An approximate total cost for all projects to date is thus $7000. 
Note that the new second floor heat pump cost $3500; labor and materials inclusive.  
That addition is considered discretionary and not part of this energy conservation 
effort.   
Savings 
Direct cost savings are in both electricity and natural gas.  Electricity averages 
about $.065 per KWH (Appalachian 2007).  This equates to $17.40 per 109 Joules.   
Natural Gas costs about $14.00 per MCF, equaling $15.40 per 109 Joules 
(Mountaineer 2007).  Since the residence consumption is one-third electricity and 
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two-third gas, the cost can be averaged to about $16.00 per 109 Joules.   
The first year of residence in the house is considered the baseline year.  In January 
2005, the peak energy use was 23x109 Joules; in January 2008, the peak use was 
14x109 Joules.  This is a notable reduction in energy use. 
Using actual energy invoices, the total costs of energy during the four years is 
tabulated. 
Years Total Energy cost, $ Annual Savings 
6/04 – 7/05 $2200 0 
8/05 – 7/06 $1724 $476 
8/06 – 6/07 $1657 $543 
7/07 – 2/08 $1079 $747 
 Total Savings $1766 
Table 6:  Annual Cost Savings 
 
Payback 
The $1766 dollar savings averages out to $588 per year.  Taking my actual 
installation costs of $2315, this annual savings translates into a net payback of 
about 4 years.  In other words I will have gotten my money back by the end of next 
year. 
If I had to include the additional $4630 in labor costs, my total outlay would be 
$6945, and give a net payback of almost 12 years.  This is probably a more realistic 
expectation for most people. 
One last payback that is immediate is comfort.  After each project, comfort 
improvements were immediate.  This is considered a payback within zero time. 
   54
Future Work 
There is still work to be done (Department 2000), ( U.S. Dept. of Energy, “Buildings” 
2007).  Future plans include both short term and longer term. 
Short Term: 
? siding removal and addition of polystyrene insulation to the sun room.   
? insulating the inside of header board around house perimeter 
? improved insulation of the locations revealed by the infra-red imaging. 
Long term: 
• Increase the depth of insulation on the attic floor 
• Thicker ductwork insulation on the second floor air blower installed in the 
attic. 
• Possible installation of “on-demand” type water heater. 
• Geo-thermal heat pump when older first floor unit requires replacement. 
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Chapter Nine - Conclusions 
1. The projects have provided improved comfort and convenience in the 
residence. 
2. There has been an overall reduction in total household energy costs.   
3. Good correlations were found between the weather and energy usage. 
4. A simple linear modeling equation developed that can be used to predict 
daily energy use based upon outdoor temperatures. 
5. A cyclical annual weather-energy algorithm was also developed. 
6. Infra-Red imaging is a valuable complement to any energy reduction work. 
7. The economic payback makes the program well worthwhile. 
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1. Individual Wall Composition Details 
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Appendix 1:  Individual Wall Composition Details 
Typical Wall sections before improvements
Interior 
drywall
Styrofoam
sheet
Concrete
Block Air gap
siding
Block wall North side first story
R value = 7 hr-ft2-oF per BTU 
siding
Interior
drywall
Fiberglass
insulation Sheathing
Frame wall North, West, second story
R value = 15 hr-ft2-oF per BTU 
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Ground Slab
carpet
earth
Concrete slab
Typical Floor sections before improvements
Ceiling drywall
2x8 joists
Compressed Insulation
Attic floor
R value = 9 hr-ft2-oF per BTU 
R value = 10 hr-ft2-oF per BTU 
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Typical Wall sections after improvements
Interior
drywall
Styrofoam
sheet
Concrete
Block
Styrofoam
Sheet
siding
Block wall North side first story
R value = 14 hr-ft2-oF per BTU 
siding
Interior 
drywall
Fiberglass
insulation
Sheathing
Frame wall North, West, second story
Styrofoam
Sheet
R value = 19 hr-ft2-oF per BTU 
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Attic Floor section after improvements
Ceiling drywall
2x8 joists
Compressed Insulation
Attic floor
Blown Insulation
R value = 34 hr-ft2-oF per BTU 
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Appendix 2:  R Value Reference, Colorado Energy 
Insulation Values For Selected Materials 
Use the R-value table below to help you determine the R-value of your wall or 
ceiling assemblies. To obtain a wall or ceiling assembly R-value you must add the r-
values of the individual components together.  See the following example:  
Calculating Assembly Wall R-Value* 
Component 
R-Value 
Studs 
R-Value 
Cavity 
Assembly 
R-Value  
Wall - Outside Air Film 0.17 0.17   
Siding - Wood Bevel 0.80 0.80   
Plywood Sheathing - 1/2" 0.63 0.63   
3 1/2" Fiberglass Batt   11.00   
3 1/2" Stud 4.38     
1/2" Drywall 0.45 0.45   
Inside Air Film 0.68 0.68   
Percent for 16" o.c. + Additional studs 15% 85%   
Total Wall Assembly R-Value 7.12 13.73 12.74 
* This example is just for wood frame construction. Steel studs are a more complicated calculation. 
R-Value Table 
Material 
R/ 
Inch 
R/ 
Thickness 
Insulation Materials 
Fiberglass Batt 3.14-4.30   
Fiberglass Blown (attic) 2.20-4.30   
Fiberglass Blown (wall) 3.70-4.30   
Rock Wool Batt 3.14-4.00   
Rock Wool Blown (attic) 3.10-4.00   
Rock Wool Blown (wall) 3.10-4.00   
Cellulose Blown (attic) 3.13   
Cellulose Blown (wall) 3.70   
Vermiculite 2.13   
Autoclaved Aerated Concrete 1.05   
Urea Terpolymer Foam 4.48   
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Rigid Fiberglass (> 4lb/ft3) 4.00   
Expanded Polystyrene (beadboard) 4.00   
Extruded Polystyrene 5.00   
Polyurethane (foamed-in-place) 6.25   
Polyisocyanurate (foil-faced) 7.20   
Construction Materials 
Concrete Block 4"   0.80 
Concrete Block 8"   1.11 
Concrete Block 12"   1.28 
Brick 4" common   0.80 
Brick 4" face   0.44 
Poured Concrete 0.08   
Soft Wood Lumber 1.25   
   2" nominal (1 1/2")   1.88 
   2x4 (3 1/2")   4.38 
   2x6 (5 1/2")   6.88 
Cedar Logs and Lumber 1.33   
Sheathing Materials 
Plywood 1.25   
   1/4"   0.31 
   3/8"   0.47 
   1/2"   0.63 
   5/8"   0.77 
   3/4"   0.94 
Fiberboard 2.64   
   1/2"   1.32 
   25/32"   2.06 
Fiberglass (3/4")   3.00 
   (1")   4.00 
   (1 1/2")  6.00 
Extruded Polystyrene (3/4")   3.75 
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   (1")   5.00 
   (1 1/2")   7.50 
Foil-faced Polyisocyanurate 
   (3/4") 
  5.40 
   (1")   7.20 
   (1 1/2")   10.80 
Siding Materials 
Hardboard (1/2")   0.34 
Plywood (5/8")   0.77 
   (3/4")   0.93 
Wood Bevel Lapped   0.80 
Aluminum, Steel, Vinyl 
   (hollow backed) 
  0.61 
   (w/ 1/2" Insulating board)   1.80 
Brick 4"   0.44 
Interior Finish Materials 
Gypsum Board (drywall 1/2")   0.45 
   (5/8")   0.56 
Paneling (3/8")   0.47 
Flooring Materials 
Plywood 1.25   
   (3/4")   0.93 
Particle Board (underlayment) 1.31   
   (5/8")   0.82 
Hardwood Flooring 0.91   
   (3/4")   0.68 
Tile, Linoleum   0.05 
Carpet (fibrous pad)   2.08 
   (rubber pad)   1.23 
Roofing Materials 
Asphalt Shingles   0.44 
Wood Shingles   0.97 
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Windows 
Single Glass   0.91 
   w/storm   2.00 
Double insulating glass 
   (3/16") air space 
  1.61 
   (1/4" air space)   1.69 
   (1/2" air space)   2.04 
   (3/4" air space)   2.38 
   (1/2" w/ Low-E 0.20)   3.13 
   (w/ suspended film)   2.77 
   (w/ 2 suspended films)   3.85 
   (w/ suspended film and low-E)   4.05 
Triple insulating glass 
   (1/4" air spaces) 
  2.56 
   (1/2" air spaces)   3.23 
Addition for tight fitting drapes or shades, or closed blinds   0.29 
Doors 
Wood Hollow Core Flush  
   (1 3/4") 
  2.17 
   Solid Core Flush (1 3/4")   3.03 
   Solid Core Flush (2 1/4")   3.70 
   Panel Door w/ 7/16" Panels  
   (1 3/4") 
  1.85 
Storm Door (wood 50% glass)   1.25 
   (metal)   1.00 
Metal Insulating  
   (2" w/ urethane) 
  15.00 
Air Films 
Interior Ceiling   0.61 
Interior Wall   0.68 
Exterior   0.17 
Air Spaces 
1/2" to 4" approximately   1.00 
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Appendix 3:  Sample Climate Data 
 
Please note this information is preliminary and subject to revision. Official and certified 
climatic data can be accessed at the National Climatic Data Center (NCDC) 
(http://www.ncdc.noaa.gov/oa/ncdc.html).  
Climate Summary 
 
000 
CXUS51 KRLX 032223 
CLMCRW 
 
CLIMATE REPORT 
NATIONAL WEATHER SERVICE CHARLESTON WV 
523 PM EST MON DEC 3 2007 
 
THE CHARLESTON CLIMATE SUMMARY FOR THE MONTH OF NOVEMBER 2007 
 
CLIMATE NORMAL PERIOD 1971 TO 2000 
CLIMATE RECORD PERIOD 1901 TO 2007 
 
WEATHER     OBSERVED                     NORMAL    DEPART          LAST YEAR`S 
                          VALUE       DATE(S)       VALUE       FROM                VALUE                 DATE(S) 
                                                                                    NORMAL 
................................................................ 
TEMPERATURE (F) 
RECORD 
 HIGH              87    11/23/1931 
LOW                6    11/25/1950 
HIGHEST        74      11/21          MM      MM         78    11/10 
LOWEST         21    11/24          MM      MM          23   11/04 
AVG. MAXIMUM     56.7               56.4     0.3       58.2 
AVG. MINIMUM     35.4                35.3     0.1       37.8 
MEAN                     46.0                45.9     0.1       48.0 
DAYS MAX >= 90      0                0.0         0.0          
DAYS MAX <= 32      0                0.2        -0.2         
DAYS MIN <= 32     16                12.6         3.4         
DAYS MIN <= 0       0                 0.0         0.0         
 
PRECIPITATION (INCHES) 
RECORD 
 MAXIMUM         9.12   2003 
 MINIMUM         0.45   1904 
TOTALS           3.13                 3.66    -0.53      2.07 
DAILY AVG.       0.10                 0.12    -0.02       0.07 
DAYS >= .01         9                 12.4     -3.4         13 
DAYS >= .10         5                  7.4       -2.4          6 
DAYS >= .50         3                  2.5        0.5         1 
DAYS >= 1.00        0                  0.8      -0.8          0 
GREATEST 
 24 HR. TOTAL    0.94   11/26 TO 11/26            
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WEATHER     OBSERVED                     NORMAL    DEPART          LAST YEAR`S 
                          VALUE       DATE(S)       VALUE       FROM                VALUE                 DATE(S) 
                                                                                    NORMAL 
SNOWFALL (INCHES) 
RECORDS 
 TOTAL           25.8     1950 
TOTALS              T                  2.8      -2.8         T 
SINCE 7/1           T                   3.0      -3.0         T 
SNOWDEPTH AVG.      0                  MM        MM         0 
DAYS >= TRACE       3 
DAYS >= 1.0         0                  0.8      -0.8         0 
GREATEST 
 SNOW DEPTH         0      MM                      0    MM 
 24 HR TOTAL        TR  11/23 TO 11/23       
 
DEGREE_DAYS 
HEATING TOTAL     562                 560        2        502 
 SINCE 7/1        753                  942     -189       894 
COOLING TOTAL       0                   3       -3          0 
 SINCE 1/1       1506                  978      528       1063 
................................................................. 
 
WIND (MPH) 
AVERAGE WIND SPEED              4.9 
RESULTANT WIND SPEED/DIRECTION   3/260 
HIGHEST WIND SPEED/DIRECTION    28/320    DATE  11/29 
HIGHEST GUST SPEED/DIRECTION    36/280    DATE  11/22 
 
SKY COVER 
POSSIBLE SUNSHINE (PERCENT)   MM 
 
NUMBER OF DAYS FAIR            8 
NUMBER OF DAYS PC             12 
NUMBER OF DAYS CLOUDY         10 
 
AVERAGE RH (PERCENT)     66 
 
WEATHER CONDITIONS. NUMBER OF DAYS WITH 
THUNDERSTORM              3     MIXED PRECIP               0 
HEAVY RAIN                3     RAIN                       6 
LIGHT RAIN               13     FREEZING RAIN              0 
LT FREEZING RAIN          0     HAIL                       1 
HEAVY SNOW                0     SNOW                       2 
LIGHT SNOW                4     SLEET                      1 
FOG                      13     FOG W/VIS <= 1/4 MILE      5 
HAZE                      3 
 
-  INDICATES NEGATIVE NUMBERS. 
R  INDICATES RECORD WAS SET OR TIED. 
MM INDICATES DATA IS MISSING. 
T  INDICATES TRACE AMOUNT. 
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Appendix 4:  Heat Loss Estimations  
 
Heat Transfer: 
For multiple layers of a surface, each layer has its own thermal conductivity, k.   
Heat flow q, is constant through each layer, so 
qn = -kn dTn/dx  
 where:    n is some particular layer 
dTn is the temperature difference across that layer 
dx is the thickness of that layer 
and since the heat flows through each layer in series, conservation of energy 
dictates that the total heat flow Q, is equal to the heat flow through each individual 
layer. 
Qtotal = q1 = q2 = qn 
Heat flow through each layer is dependent upon thermal conductivity, thinkness of 
the layer and the temperature difference across that layer.  See below. 
 
 
 
 
 
 
 
 
 
We can sum these layers up to form the overall equation: 
Qtotal = Σ [ kn/(Xn – Xn-1) ] (ΔT) 
There are also convection effects at the surface and to simplify that factor: 
Q = ha(Ta – T0) 
For ease of calculation, we normally combine all thermal conductivities into an 
overall value, U,  
U = { ho + Σ [ kn/(Xn – Xn-1) ] + hi} 
where:    ho is the outside convective coefficient 
k1 k2 k3 
 
T0 
X0 
T1 
X1 
T2 
X2 
T3 
X3 
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hi is the inside convective coefficient 
 
and then our equation for heat flow becomes 
   Qb   =    U * A ( Thot – Tcold) 
Where:  Q is heat loss in BTU per time 
A = surface area square feet 
Thot = average hotside temperature, oF 
Tcold  = average coldside temperature, oF 
  U = overall heat transfer coefficient, BTU per Hr-sq.ft.-oF  
For ease of building heat loss estimations, the thermal conductivites are usually 
presented as a resistance to heat flow, in other words as a reciprocal.  These 
individual resistance are summed to an overall R and out formula becomes: 
   Qb   =     A ( Tin – Tout) 
                  Rtotal  
 
Where:  Qb is heat loss in BTU per time 
A = surface area of the wall/floor in square feet 
Tin = monthly average indoor temperature, oF 
Tout  = monthly average outdoor temperature, oF 
  R = resistance value, Hr-sq.ft.-oF per BTU 
Note that one key assumption is that all wall layers are in complete contact over 
their entire area; that there are no air gaps between layers.  This is, of course, not 
accurate.  Surface imperfections, etc, likely add a total air gap of up to 1/8 inch 
throughout the wall.  From an insulation viewpoint, this air gap is beneficial as long 
as it is stagnant and can increase the effective R of a wall. 
The following tables list the theoretical monthly heat loss estimations from each 
separate house surface (wall, floor, ceiling).  These are based upon thermal 
conductivities and average indoor and outdoor temperatures. 
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Monthly Theoretical Heat Loss Estimations Million BTU
MONTH
North Wall 
1st East Wall 1st
South Wall 
1st
West Wall 
1st
Sun 
Room
Ground 
Slab
May-04 0.0 0.0 0.0 0.0 0.0 -5.2
Jun-04 0.2 0.2 0.3 0.1 0.1 1.8
Jul-04 0.2 0.2 0.3 0.1 0.2 2.0
Aug-04 0.1 0.1 0.1 0.0 0.0 2.0
Sep-04 0.2 0.2 0.2 0.1 0.1 2.0
Oct-04 0.2 0.2 0.3 0.1 0.2 1.8
Nov-04 0.5 0.5 0.7 0.2 0.4 1.6
Dec-04 0.8 0.7 1.1 0.3 0.6 1.4
Jan-05 1.2 1.1 1.6 0.4 0.8 1.2
Feb-05 1.2 1.1 1.6 0.4 0.8 1.1
Mar-05 1.1 1.0 1.5 0.4 0.8 1.2
Apr-05 1.1 1.0 1.5 0.4 0.8 1.3
May-05 0.5 0.5 0.7 0.2 0.4 1.4
Jun-05 0.6 0.5 0.8 0.2 0.4 1.8
Jul-05 0.1 0.1 0.1 0.0 0.1 2.0
Aug-05 -0.1 -0.1 -0.1 0.0 0.0 2.0
Sep-05 -0.1 -0.1 -0.1 0.0 0.0 2.0
Oct-05 0.1 0.1 0.2 0.0 0.1 1.8
Nov-05 0.6 0.5 0.8 0.2 0.4 1.6
Dec-05 0.8 0.8 1.1 0.3 0.6 1.4
Jan-06 1.5 1.3 2.0 0.5 1.0 1.3
Feb-06 1.0 0.9 1.4 0.4 0.7 1.3
Mar-06 1.3 1.2 1.8 0.5 0.9 1.3
Apr-06 0.9 0.9 1.3 0.3 0.6 1.3
May-06 0.2 0.1 0.2 0.1 0.3 1.4
Jun-06 0.2 0.2 0.2 0.2 0.3 1.8
Jul-06 0.1 0.1 0.1 0.1 0.2 2.0
Aug-06 0.0 0.0 0.0 0.0 0.0 2.0
Sep-06 0.0 0.0 0.0 0.0 0.0 2.0
Oct-06 0.2 0.1 0.2 0.1 0.2 1.8
Nov-06 0.3 0.2 0.3 0.2 0.5 1.6
Dec-06 0.4 0.3 0.4 0.3 0.6 1.4
Jan-07 0.5 0.4 0.5 0.4 0.7 1.3
Feb-07 0.6 0.4 0.6 0.4 0.8 1.3
Mar-07 0.8 0.6 0.8 0.6 1.1 1.3
Apr-07 0.3 0.2 0.4 0.2 0.5 1.3
May-07 0.3 0.2 0.3 0.2 0.4 1.4
Jun-07 0.1 0.1 0.1 0.1 0.2 1.8
Jul-07 0.0 0.0 0.0 0.0 0.1 2.0
Aug-07 0.0 0.0 0.0 0.0 0.1 2.0
Sep-07 -0.1 0.0 -0.1 0.0 -0.1 2.0
Oct-07 0.1 0.0 0.1 0.0 0.1 1.8
Nov-07 0.2 0.1 0.2 0.1 0.3 1.6
Dec-07 0.4 0.3 0.5 0.3 0.7 1.4
Jan-08 0.5 0.4 0.6 0.4 0.8 1.3
Feb-08 0.6 0.5 0.7 0.5 0.9 1.3  
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Monthly Theoretical Heat Loss Estimations Million BTU
MONTH
North Wall 
2nd East Wall 2nd
South Wall 
2nd West Wall 2nd Attic Floor Stairwell walls
May-04 0.0 0.0 0.0 0.0 0.0 0.0
Jun-04 0.0 0.0 0.0 0.0 0.0 0.0
Jul-04 0.1 0.2 0.1 0.1 0.4 0.3
Aug-04 0.1 0.2 0.1 0.1 0.5 0.4
Sep-04 0.0 0.1 0.0 0.0 0.1 0.1
Oct-04 0.1 0.2 0.1 0.0 0.4 0.3
Nov-04 0.1 0.2 0.1 0.1 0.5 0.4
Dec-04 0.2 0.5 0.2 0.1 1.1 0.9
Jan-05 0.4 0.7 0.4 0.2 1.7 1.3
Feb-05 0.5 1.1 0.5 0.3 2.6 2.0
Mar-05 0.5 1.1 0.5 0.3 2.5 1.9
Apr-05 0.5 1.0 0.5 0.3 2.4 1.9
May-05 0.5 1.0 0.5 0.3 2.4 1.9
Jun-05 0.2 0.5 0.2 0.1 1.2 0.9
Jul-05 0.3 0.5 0.3 0.1 1.2 0.9
Aug-05 0.0 0.1 0.0 0.0 0.2 0.1
Sep-05 0.0 -0.1 0.0 0.0 -0.1 -0.1
Oct-05 0.0 -0.1 0.0 0.0 -0.1 -0.1
Nov-05 0.1 0.1 0.1 0.0 0.3 0.2
Dec-05 0.3 0.5 0.3 0.1 1.2 0.9
Jan-06 0.4 0.8 0.4 0.2 1.8 1.4
Feb-06 0.7 1.3 0.7 0.4 3.1 2.4
Mar-06 0.5 0.9 0.5 0.3 2.2 1.7
Apr-06 0.6 1.2 0.6 0.3 2.9 2.2
May-06 0.4 0.3 0.4 0.2 0.6 0.1
Jun-06 0.2 0.1 0.2 0.1 0.2 0.1
Jul-06 0.2 0.2 0.2 0.1 0.3 0.1
Aug-06 0.1 0.1 0.1 0.1 0.1 0.0
Sep-06 0.0 0.0 0.0 0.0 0.0 0.0
Oct-06 0.0 0.0 0.0 0.0 0.0 0.0
Nov-06 0.2 0.1 0.2 0.1 0.2 0.1
Dec-06 0.3 0.2 0.3 0.1 0.4 0.1
Jan-07 0.4 0.3 0.4 0.2 0.5 0.1
Feb-07 0.5 0.4 0.5 0.2 0.6 0.2
Mar-07 0.5 0.4 0.5 0.3 0.7 0.2
Apr-07 0.7 0.6 0.7 0.3 1.0 0.2
May-07 0.3 0.2 0.3 0.1 0.4 0.1
Jun-07 0.3 0.2 0.3 0.1 0.4 0.1
Jul-07 0.1 0.1 0.1 0.1 0.2 0.0
Aug-07 0.0 0.0 0.0 0.0 0.0 0.0
Sep-07 0.0 0.0 0.0 0.0 0.0 0.0
Oct-07 -0.1 0.0 -0.1 0.0 -0.1 0.0
Nov-07 0.1 0.0 0.1 0.0 0.1 0.0
Dec-07 0.2 0.1 0.2 0.1 0.2 0.1
Jan-08 0.4 0.3 0.4 0.2 0.6 0.1
Feb-08 0.5 0.4 0.5 0.2 0.7 0.2
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MONTH 
Total House 106 
BTU per month* 
All first floor 
walls 106 
BTU 
Ground 
Slab 106 
BTU 
Attic 
ceiling 
106 BTU 
Total House 
Million BTU 
per month  
Total House 
Million joules 
per month  
May-04 3.9 0.9 1.8 0.4 3.9 4063 
Jun-04 4.2 1.0 2.0 0.5 4.2 4479 
Jul-04 2.6 0.3 2.0 0.1 2.6 2740 
Aug-04 3.8 0.8 2.0 0.4 3.8 4044 
Sep-04 4.1 1.0 1.8 0.5 4.1 4280 
Oct-04 7.0 2.3 1.6 1.1 7.0 7342 
Nov-04 9.7 3.5 1.4 1.7 9.7 10186 
Dec-04 13.6 5.2 1.2 2.6 13.6 14335 
Jan-05 12.9 4.9 1.1 2.5 12.9 13583 
Feb-05 12.8 4.9 1.2 2.4 12.8 13465 
Mar-05 12.7 4.8 1.3 2.4 12.7 13347 
Apr-05 7.0 2.3 1.4 1.2 7.0 7360 
May-05 7.6 2.4 1.8 1.2 7.6 7976 
Jun-05 2.8 0.3 2.0 0.2 2.8 2957 
Jul-05 1.4 -0.3 2.0 -0.1 1.4 1436 
Aug-05 1.4 -0.3 2.0 -0.1 1.4 1436 
Sep-05 3.2 0.6 1.8 0.3 3.2 3411 
Oct-05 7.4 2.4 1.6 1.2 7.4 7777 
Nov-05 10.1 3.6 1.4 1.8 10.1 10621 
Dec-05 16.2 6.2 1.3 3.1 16.2 17043 
Jan-06 11.8 4.4 1.3 2.2 11.8 12478 
Feb-06 14.9 5.7 1.3 2.9 14.9 15738 
Mar-06 11.0 4.1 1.3 2.1 11.0 11608 
Apr-06 5.5 1.7 1.4 0.9 5.5 5839 
May-06 4.0 1.1 1.8 0.3 4.0 4188 
Jun-06 3.1 0.6 2.0 0.1 3.1 3238 
Jul-06 2.0 0.0 2.0 0.0 2.0 2088 
Aug-06 1.8 -0.1 2.0 0.0 1.8 1896 
Sep-06 3.4 0.8 1.8 0.2 3.4 3614 
Oct-06 4.6 1.5 1.6 0.4 4.6 4852 
Nov-06 5.4 2.1 1.4 0.5 5.4 5707 
Dec-06 6.1 2.5 1.3 0.6 6.1 6470 
Jan-07 6.8 2.8 1.3 0.7 6.8 7140 
Feb-07 8.8 3.8 1.3 1.0 8.8 9248 
Mar-07 4.5 1.6 1.3 0.4 4.5 4745 
Apr-07 4.3 1.5 1.4 0.4 4.3 4557 
May-07 3.1 0.7 1.8 0.2 3.1 3230 
Jun-07 2.3 0.2 2.0 0.0 2.3 2471 
Jul-07 2.3 0.2 2.0 0.0 2.3 2471 
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Aug-07 1.3 -0.3 2.0 -0.1 1.3 1417 
Sep-07 2.3 0.3 1.8 0.1 2.3 2464 
Oct-07 3.3 0.9 1.6 0.2 3.3 3511 
Nov-07 5.8 2.3 1.4 0.6 5.8 6090 
Dec-07 6.4 2.6 1.3 0.7 6.4 6757 
Jan-08 7.5 3.2 1.3 0.8 7.5 7907 
Feb-08 7.0 2.9 1.3 0.7 7.0 7332 
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Appendix 5:  Orifice Calculations 
 
A:  Basic Data: 
Vent Pipe diameter – 6 inch 
Estimated velocity – 1 to 2 feet per second 
Note: based on visual observation of smoke flow trail 
 
B:  Reynolds Number: 
Re = 124 
u
dvp  
d = 6 inches 
v = 2 feet per second 
p = .071 pounds per cubic foot – air at 100 of 
u = .019 cp – air at 100 oF 
Thus Re = 5600 
 
C:  Volumetric flowrate: 
Pipe area = 0.2 square feet 
Velocity = 2 feet per second 
Flow = 0.4 cubic feet per second 
 
D:  Orifice sizing 
q =  6.87 
Sg
CYd2  PpΔ  
Where: 
Y = 0.98 expansion factor, dimensionless 
d2 = orifice diameter squared, inches 
C = .065 flow coefficient, dimensionless 
Sg = 1.0 specific gravity of gas relative to air 
ΔP = .018 pressure drop across orifice, psi 
p = .071 density of gas, pounds per square foot 
q = .04 volumetric flowrate, cubic feet per second  
 
Since a differential pressure gauge of range 0.0 to 6.0 inches of water was 
purchased, the orifice was sized for a minimum pressure drop reading of 0.5 
inches of water at the flowrate of 0.4 cubic feet per second.  This is a 
pressure drop of 0.19 psi for the above calculations. 
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Desired orifice diameter = 1.6 inch 
 
D:  Estimate flow at the maximum pressure drop reading with this orifice 
Surface temperature measurements give a value of 400 oF when the furnace 
is operating.     
Second iteration -   Reynolds Number: 
Re = 124 
u
dvp  
d = 6 inches 
v = 7 feet per second estimated 
p = .046 pounds per cubic foot – air at 100 of 
u = .026 cp – air at 400 oF 
Re = 8000 
 
Calculate new flowrate: 
q =  6.87 
Sg
CYd2  PpΔ  
Where: 
Y = 0.98 expansion factor, dimensionless 
d2 = 1.6 orifice diameter squared, inches 
C = .060 flow coefficient, dimensionless 
Sg = 0.6 specific gravity of gas relative to air 
ΔP = .22 maximum pressure drop across orifice, psi 
p = .046 density of gas, pounds per square foot 
q = volumetric flowrate, cubic feet per second  
 
This time we obtain a maximum volumetric flow rate of 1.7 cubic feet per 
second.  Since this piping area is 0.2 square feet, the velocity is 8.5 feet per 
second, which is close to the above estimated value. 
 
From a safety standpoint, CO back flow into the residence is of real concern.  
Based upon engineering experience, the orifice diameter of 1.6 inches 
seemed excessively small.  The orifice was re-sized to a diameter of 2.5 
inches. 
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Appendix 6:  Stack Draft Estimation 
 
The approximate stack effect during both winter and summer operation is 
estimated. 
 
Q =  CA [ ]TiToTigh −2  
Where: 
Q = stack draft effect flowrate, cubic meters per second 
A = .019 pipe flow area square meters 
C = .65 flow coefficient, dimensionless 
g = 9.8 m/s2 gravitational acceleration 
h = 5.0  height of stack, meters 
Ti = Indoor temperature, K 
To = Outdoor temperature, K 
 
A: Winter with the furnace operating: 
Ti = 533 K 
To = 272 K 
Qwinter = .086 cubic meters per second  
= 3.1 cubic feet per second 
 
B: Summer with hot water only: 
Ti = 450 K 
To = 300 K 
Qwinter = .07 cubic meters per second  
= 2.5 cubic feet per second 
 
Vent Stack velocities with a stack flow area of 0.2 square feet: 
Winter = 16 feet per second 
Summer = 13 feet per second. 
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Appendix 7:  Air Change Calculations 
 
Air volume of house based on dimensions 
 
 
 
 
 
 
 
 
 
 
 
Two cubes.  1.5x106 in3 and 3.5x107 in3 
Total house volume = 3.6x107 in3 
= 21000 cubic feet 
 
Heat capacity of air = .018 BTU per cubic foot – degree F 
 
Using estimated air flow out of the flue vent of 3.0 cubic feet per second = 180 ft3 
per minute. 
 
For a 730 hour month, this equals an air flow or 7.9x106 ft3 per month. 
 
For simplification, assume constant temperature conditions:  
Tin = 70 oF 
Tout = 30 oF 
ΔT = 40 oF 
 
Using conservation of Energy equation: 
Q = wCpΔT 
Monthly heat loss  = 5.7 million Btu per month 
 
By comparison – ASHRAE Standard 62.2 gives a recommended air change of 54 
cubic feet per minute.  This is about one-third the actual estimated household 
conditions, and could potentially reduce the whole house air turnover from once 
every two hours to once every six hours.   
530"
102"
121"
124"
209"
312"
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Appendix 8:  Insulation Recommendations, WV 
DOE recommends ranges of R-values based on local heating and cooling costs and 
climate conditions in different areas of the nation. The chart below shows the DOE 
recommendations for your area. State and local codes in some parts of the country 
may require lower R-values than the DOE recommendations, which are based on 
cost effectiveness.  
U.S. Department of Energy Recommended* Total R-Values for New Houses in Six 
Climate Zones. 
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These recommendations are cost-effective levels of insulation based on the best 
available information on local fuel and materials costs and weather conditions. 
Consequently, the levels may differ from current local building codes. In addition, 
the apparent fragmentation of the recommendations is an artifact of these data and 
should not be considered absolute minimum requirements. 
 
 
A)  R-18, R-22, and R-28 exterior wall systems can be achieved by either cavity insulation 
or cavity insulation with insulating sheathing. 
For 2 in. x 4 in. walls, use either 3½ in. thick R-15 or 3½ in. thick R-13 fiber glass 
insulation with insulating sheathing. 
For 2 in. x 6 in. walls, use either 5½ in. thick R-21 or 6¼ in. thick R-19 fiber glass 
insulation.  
B)  Insulate crawl space walls only if the crawl space is dry all year, the floor above is not 
insulated, and all ventilation to the crawl space is blocked. 
A vapor retarder (e.g., 4- or 6-mil polyethylene film) should be installed on the ground 
to reduce moisture migration into the crawl space.  
C)  No slab edge insulation is recommended. 
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Appendix 9:  Thermal Mass Estimations 
 
Thermal Mass Increase 
Insulation now covers the exterior of the North, Est and South first floor walls.  Thus 
the concrete block is now part of the “warm” side of the wall and contributes to the 
thermal mass of the house. 
Basic Data: 
Area of one block: 8” x 16” = 128 in2 
Mass of one block = 40 pounds 
 
North wall: 
Dimensions:  530” x 102” = 5.4x104 in2 
Window area = 1.08x104 in2 
Net block = 3.3x104 in2 
Number of blocks = 257 
Total Mass = 10300 pounds 
 
 
South wall: 
Dimensions:  530” x 102” = 5.4x104 in2 
No Windows 
Number of blocks = 422 
Total Mass = 17000 pounds 
 
 
East wall: 
Dimensions without chimney:  232” x 102” = 2.4x104 in2 
No Windows 
Number of blocks = 185 
Total Mass = 7400 pounds 
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Chinmey: 
Dimensions 
 
 
 
 
 
 
 
 
 
Two sides: 24” x 288” = 6900 in2 
Two sides: 64” x 288” = 1.8x104 in2 
Number of blocks = 396 
Total Mass = 16000 pounds 
 
TOTAL 
Total added thermal mass = 5.1 x 104 pounds =2.3 x 104 kg 
Heat capacity of concrete = 880 joules/ kg-oC 
 
In other words I have added a thermal inertia of 2 x 107 Joules/oC to the residence. 
 
80
2464
Top View 
64”
288” 
Side View 
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Appendix 10:  IR Camera Instructions 
 
Instructions:  Camera – Computer Interface 
A Desktop or Laptop computer is needed with the following minimum requirements for the 
Dazzle® video capture device: 
• Windows® XP with SP2 or higher   ® 
• Intel® Pentium® 1.4 GHz minimum, with 2.4 GHz recommended. 
• 512 MB RAM (1 GB recommended) 
• Graphics Card - DirectX® 9, ATI® Raydeon® or NVIDIA® GeForce 
• High speed USB 2.0 connection port 
 
Steps to follow: 
1. Install the Pinnacle™ software from the supplied CD-ROM by following on-screen 
instructions.  
2. Download the Studio 11.1 Release Patch driver from the Pinnacle Systems 
website: 
http://www.pinnaclesys.com/PublicSite/us/Support/Consumer+Support/?viewDownload=1 
3. Connect the Dazzle® video capture hardware to the PC through the USB port.  Plug 
the camera into the video jack on the Dazzle device.   
4. Start the Studio Launcher software from the icon (normally displayed on the 
Windows Desktop screen. 
5. Once the Studio Launcher window is open, click on the “Pinnacle Studio Quickstart” 
button and wait for that window to open.  (It often takes several minutes.)  You 
may get a display adapter driver warning screen – just click ok to close. 
6. When the Studio Quickstart window is open, choose the “capture” tab at the top left.  
You may get a warning window: “video device not found”.  Click ok to close.  
Then click on “settings” button on the lower right of the screen. 
7. A studio quickstart setup options window appears.  Choose “capture source” from 
the top tabs.  There is a drop down button shown under Capture devices – Video.  
Choose the Dazzle DVC100 selection.  (Note that if the Dazzle device is not yet 
connected, the only selection that will appear is DV Camcorder.)  Then click ok. 
8. Another warning screen will appear – “valid input signal not detected”  click ok. 
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9. Turn on the IR camera.  The camera image should appear on the camera screen in 
the upper right. 
10.  Click on the green “capture” button in the lower center. 
11. A pop-up window will appear and you will be asked for a filename for this video.  
Enter the name of your choice, then click “Start Capture”.  Again the warning – 
“valid input signal not detected” will appear. click ok. 
12. The image showing in the upper right of your screen will be the image that is being 
captured, along with the elapsed time. 
13. When finished with the video capture, click on the red “Stop Capture” button.  Again 
the warning – “valid input signal not detected” will appear. click ok. 
14. A small thumbnail of your captured video will be shown on the screen “booklet”.  
This file has been automatically been saved on the computer hard drive under 
the My Videos directory with the filename you previously gave it in step 11 above.  
This will be in .avi file format. 
15. This file can now be edited in Studio, or you can use any video editing software 
such as Windows Movie Maker, etc. 
16. When completely finished, turn off the IR camera and close your Studio windows. 
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Appendix 11:  Individual Algorithms 
 
 In this appendix, the sine wave algorithm shown in Figure 23 on page 31 is divided 
into four separate charts according to the equations presented in Table 3 on page 
32.  This is because every year the algorithm changed due to energy conservation 
efforts.  Dividing it up allows us to see the differences more clearly.   
The first graph below is the same Figure 23 showing the entire four year series of 
data.   
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This next chart is for the first 15 months at the residence. This can be considered 
the baseline data for energy conservation efforts. 
First Year Energy Use
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The next chart is for the time period August 2005 through July 2006.   
Second Year Energy Use
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This third chart is for the time period August 2006 through June 2007.  Note that 
there is a slight phase shift in this chart.  It is likely caused by variations in seasonal 
temperatures; i.e. cold weather was a month later that year. 
Third Year Energy Use
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The last chart is from the final time period July 2007 through February 2008.  This 
chart is less accurate because data for both weather and utility consumptions had 
not been obtained for the entire heating season.  However, the reduction in energy 
use is still evident. 
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Appendix 12:  Exponential Curve Fit 
Inspection of Figure 23 (page 31) shows that the maximum winter peak values 
(Joules x 106) decline in an apparent exponential manner.  The four maximum 
values are compared to the months in the table below.   
Months Joules x 106 
9 22968 
21 17042 
34 15695 
45 14200 
 
These were plotted as both a power function and as a natural exponential function.   
Both of these are shown below.  The first plot was a natural exponential function.   
Inspection revealed that the fit was only average, although the correlation coefficient 
was very good a R2 = 0.9.   
The second plot was a power function.  Curve fit was much better and the 
correlation coefficient was excellent at R2 = 0.98.  Based upon the correlation 
coefficients of the curves and the actual fit, a power function is a more appropriate 
approximation. 
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